SCF-MO calculations of the vibration frequencies and IR absorption intensities, applying the MINDO/3-FORCES method, are reported for the four molecules, mono-, di-(1,2-and 1,3-), and 1,2,3-trimethylene cyclobutane. Normal coordinate analysis of all vibration modes is described for each molecule. The obtained results allow interesting correlations between the frequencies of similar modes as calculated for the different methylene cyclobutanes.
Introduction
Monomethylene cyclobutane (MCB) was synthesized and characterized by different investigators [1, 2] . Theoretical calculations, applying the ab initio method, were also performed for this molecule [3] . The two isomers of 1,2-and 1,3-dimethylene cyclobutane (1,2-DMCB and 1,3-DMCB) were synthesized and characterized by other authors too [4, 5] . Applying the MINDO/3 method, Bingham et al. [6] studied the equilibrium geometries and heats of formation of the two isomers. X-ray diffraction of 1,2-dimethylene cyclobutane shows that both molecules are planar with C 2v symmetry [7] . Little work has been done on trimethylene cyclobutane (TMCB), since this molecule dimerizes quickly at room temperature. Williams and Sharkey were able to isolate it and characterize its IR spectrum at −80 • C [5] .
The present study is based on the MINDO/3-FORCES method, as described and applied for many other molecules by Abed et al. [8] . In this method the force constants are estimated according to Pulay's FORCES method [9] . Applying the so evaluated force 0932-0784 / 05 / 0600-0411 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com constants to the Wilson's Secular equation [10] 
and solving (1), one obtains vibration frequencies (λ = 4π 2 c 2 ν 2 ) and vibration mode eigenvector coefficients (L j ). These coefficients allow the graphical description of the vibration modes of all atoms in the molecule, when introduced to the DRAW.MOL routine developed by Abed et al. [11] . The same coefficients are used to evaluate the atomic partial participation (APP) values [12] of each atom in each vibration mode too. The molecules, for which calculations were done, are the cyclobutane derivatives in which one, two or three CH 2 groups are replaced by C=CH 2 groups to form mono-, di-(1,2-and 1,3-) and trimethylene cyclobutane, as shown above.
Results and Discussion
In the present study the equilibrium geometry of each molecule was calculated, minimizing its total energy as a function of all its 3N Cartesian coordinates. The calculated geometry values are listed in Table 1 .
It is found that the calculated heat of formation (∆H f in kJ/mol) decreases as the number of substituted methylene groups increases: 
0.00 -- Fig. 1 . Equilibrium structure for a methylene cyclobutane molecule (MCB) with C 2v symmetry as calculated by MINDO/3-FORCES and PM3 methods.
1,2-DMCB is less stable than 1,3-DMCB. A possible reason for that is the different repulsion energies between the adjacent atoms of the two exo-methylene groups. This result is in quantitative agreement with those of the PM3 method when applied to the same problem [14] .
The calculated vibration frequencies were scaled applying the following scaling factors [15] For monomethylene cyclobutane (MCB), C 2v ( Fig. 1) , the total number of fundamental vibrations (3N − 6) is 33. These are classified into the following irreducible representations: where the A 1 , B 1 and B 2 modes are Raman and IR active, while the A 2 mode is Raman active only. Our treatment, based on the MINDO/3-FORCES method, yielded all these vibration modes correctly. The scaled frequency values are listed in Table 2 together with the calculated IR absorption intensities as well as the frequency values obtained by the MINDO/3 and PM3 method. Figure 2 shows the graphical representation of some vibration modes of the MCB molecule as drawn through the DRAW. MOL routine.
For 1,2-dimethylene cyclobutane with C 2v symmetry (Fig. 4) , the calculated geometry values are listed in Table 3 . Its number of normal vibration modes is 36, which are classified into the following irreducible rep- 
0.00 -- resentations: The corresponding scaled frequencies for all these modes are listed in Table 4 . Figure 3 shows the graphical representation of some vibration modes of 1,2-dimethylene cyclobutane, C 2v , as drawn through the DRAW.MOL routine.
As for 1,3-DMCB, D 2h (Fig. 5) , the calculated geometric values are listed in Table 5 . Its total number of normal vibrations (3N − 6) is 36. These are classified into the following irreducible representation:
where the A g , B 1g , B 2g and B 3g modes are Raman ac- tive and IR inactive, the B 1u , B 2u and B 3u modes are IR active only, and the A u mode is Raman and IR inactive, for D 2h point group contains a center of symmetry and the rule of mutual exclusion is holds. The corresponding scaled frequencies and IR intensities are listed in Table 6 . Figure 7 shows the graphical representation of some vibration modes of the 1,3-di-methylene cyclobutane molecule as drawn through the DRAW.MOL routine.
Finally MINDO/3-FORCES treatment was done for trimethylene cyclobutane with C 2v symmetry (Fig. 6) . The calculated geometric values are listed in Table 7 . The number of fundamental vibrations (3N − 6) is 39. These are classified into the following irreducible representations:
The corresponding scaled frequencies and IR absorption intensities as calculated by the MINDO/3-FORCES method are listed in Table 8 . 1.115 (C 1 -C), (C 1 -C 3 )
1.518 (C 3 -C 6 ), (C 2 -C 6 )
1.520 (C 2 =C 5 ), (C 3 =C 7 )
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